Introduction
Environmental friendly products such as biodegradable lubricants have gain attention from researchers and consumers worldwide. Biodegradable lubricants have been formulated from crude plant oil to chemically modified plant oil with properties better than mineral oil lubricants (Asadauskas and Erhan, 1999) . These ecological friendly lubricants are derived from either edible or non edible plant such as rapeseed, soybean, sunflower and Jatropha curcas. Jatropha is a nonedible plant that was recently discovered to have great potential as feedstock for biodiesel and also biolubricant (Banerji et al, 1985) . Plant oil based lubricants can be attractive to global consumers because of its environmental benefits and the fact that it is made from renewable resources. In this paperwork, Jatropha oil was chosen as the raw material since it is still new and developing to be potential feedstock for biodiesel and biolubricant. Jatropha oil is considered non-edible oil due to the presence of toxic phorbol esters (Shah et al, 2004) . Thus, it could provide an alternative of sufficient supplies of low cost feedstock for fuel oil and its derivatives with no competition with food uses. Jatropha curcas grows in tropical and subtropical climates across the developing world, and is often cultivated as a hedge crop. It grows rapidly and requires minimal water and nutrients, and is able to grow on barren land under harsh conditions and poor quality or degraded land (Kandpal and Madan, 1995) . Jatropha seed kernel contains 40-60% (w/w) oil. It has a productive lifespan in excess of 30 years, and it takes approximately 2-3 years to reach maturity and generate economic yield (Wood, 2005) .
However, plant oil such as jatropha is made up from triglycerides molecule which is easily destructible at high temperature and having poor lowtemperature performance. Most vegetable based oil easily froze at temperature near 0°C (Asadauskas and Erhan, 1999) . In order to improve the low-temperature performance of the crude oil, chemical modification was done to the raw material (Yunus et al, 2004) . This paper discusses the research work with the objective to investigate the feasibility of producing jatropha biolubricant via chemical modification from jatropha crude oil (JCO) in order to improve the low-temperature properties. Physical characteristics such as pour point and viscosities of jatropha biolubricant was also investigated and compared with other plant based lubricants. A common method, transesterification was selected as the process route to convert JCO to Jatropha methyl esters (JME) and thus, from JME to jatropha biolubricant.
Methodology

Transesterification of JME from JCO
An amount of 100g JCO was weighed and placed in a three neck flask. The amount of methanol needed was in a ratio of 6:1 methanol to JCO. Catalyst used was sodium hydroxide (NaOH) and the amount required was 1% weight of catalyst to the total weight of reactants. The reaction was maintained at 60-65°C under reflux to maintain the volume of methanol in the flask to avoid any methanol loss during reaction. The reaction was in liquid phase and was constantly stirred using magnetic stirrer. After 1 hour of reaction, the mixture was placed in a separating funnel and was let to settle for 24 hour. The resulting two layers of liquids in the funnel were separated and the top layer was washed with acid and warm water to clear out any impurities. Samples taken after the separation and washing and was sent for analysis. From the Gas Chromatography (GC) analysis, the top and bottom layers obtained were Jatropha methyl ester (JME) and glycerol, respectively.
Transesterification of Jatropha biolubricant from JME
The reaction scheme is shown in figure 1. 100g of JME was weighed and placed in a three neck flask. The amount of TMP required was determined by molar ratio of 3.9:1 of JME to TMP. JME was used in excess to enhance forward reaction. The amount of sodium methoxide (NaOCH 3 ), an alkaline catalyst, used was 1% of the total weight. The reaction was maintained in vacuum pressure of 10mbar with temperature kept at 150°C. Samples were taken at designated time in order to study the conversion profile at specific temperature and also to investigate the time taken for the reaction to complete. Each of the samples was then sent for Gas Chromatography (GC) analysis. After 3 hour of reaction, the mixture was placed in a vacuum filtration unit to remove the remaining soap produced during reaction. The filtered product was then fractionated to remove excess JME. The bottom product of the fractionation that is the biolubricant was further analyzed for pour point and viscosities. 
Lubricity performance testing
There are numerous testing involving lubricants and their properties. Among the most important are including viscosities and pour point. Viscosities hold the important keys where most lubricants are graded by the viscosity range. Lubricants with high viscosities normally serve rigid and complex application such as automobile engine and hydraulics. Low viscosities lubricant can be used in small machinery such as chain-saw or small pumps. Viscosities Index (VI) where calculated from kinematic viscosities and it represents the lubricant ability to change its viscosity with the changes in temperature. The less it changes the high the VI, which is favorable in most cases.
Low-temperature performance is important since in cold climate countries, the temperature can go below 0°C therefore requires the lubricant is to still be able to flow and provide sufficient lubricity. Most synthetic lubricants are produced to withstand these extreme temperatures. However for plant based oil, there is a need to further improve the low-temperature properties since it easily freezes near 0°C.
Testing of kinematic viscosities
Kinematic viscosities of biodegradable lubricant were measured according to the ASTM D 445 (ASTM, 1999) . Temperature of 40°C and 100°C was tested for viscosities analysis. Oil bath was used to maintain those temperatures. Kinematic viscosity index (VI) was calculated using ASTM D 2270 (ASTM, 1999).
Low temperature testing
Pour points of biodegradable lubricants were measured according to ASTM D 97 (ASTM, 1999) . The pour points were determined by placing a test jar into a cooling media and were measured in 3°C increment until it stops to pour. The pour point was taken as the temperature where the oil is still able to pour.
Gas Chromatography (GC) analysis
Analysis of oil was performed using a capillary column SGE 12m x 0.53mm ID HT5 0.15mm (SGE, Australia Pte. Ltd.). A split injection was set at 1:1 using hydrogen as the carrier gas with a flow of 26.7 ml/min. The oven temperature was held initiallly at 80°C throughout the entire 3 min run. Temperature programming was initiated at 80°C at the rate of 6°C/min to reach a temperature of 340°C and held for 6 minutes. The temperature of the inlet and detector were 300°C and 360°C, respectively (Yunus et al, 2002) .
Results and Discussion
The GC analysis of the triglycerides obtained from jatropha oil is given in figure  2 . Jatropha oil, whose major constituent is oleic acid (44.8%), contains a relatively small amount of stearic acid (7.2%), and about 20% of saturated fatty acids. The presence of large amounts of polyunsaturated acids results in lowering the resistance to oxidative-thermal treatment. A conversion of 85-90% from raw material to products was reached after 3 hour of reaction time. Figure 3 shows the chromatogram of JME and figure 4 represents the product of transesterification.
Triglycerides
Figure 3: Chromatogram of Jatropha Methyl Ester (JME).
Based on the GC analysis, it is clearly shown that the transesterification of TMP with jatropha methyl ester has produced TMP based triester, also identified as jatropha biolubricant, denoted as peak 10,11 and 12 in the chromatogram. Little amount of diester was present in the product. However, the unreacted methyl ester was also found in the product due to excess molar ratio of JME to TMP. Figure above shows the product chromatogram of this synthesis. From calibration of GC by using methyl ester standards, it is known that the triester is the formation of three branch TMP ester and diester is a two branch TMP ester. The compositions of the product is shown in the table below. Monoester and diester were found to be intermediates in this reaction. Monoester was formed from JME and most of it converted to form diester. The same goes to diester which eventually converted to triester. Figure 5 . Product compositions at increasing time of reaction, including monoester (ME), diester (DE) and triester(TE). Reaction was at 150°C.
Methyl Ester
From figure above, the desired product, which is the TE, reached maximum yield of about 50% wt/wt at about 50 to 60 minute. JME decreased to 30% wt/wt at about the same time. Intermediates such as ME and DE increased for the first 15 minutes while the ME composition decreased to almost zero. Most of ME was successfully converted to DE; however, full conversion to TE was not yet achieved. From this figure, it is concluded that the reaction took about 60 minutes to complete. Table 2 presents the comparison of basic properties for the synthesized TMP based triesters (Jatropha biolubricant) with other plant based lubricants derived from sunflower, soybean and oil palm. 1 - Naegley, 1992 , 2 -Rudnick, 2006 , 3 -Yunus et al., 2003 ISO VG (Viscosity Grade) 46 is a standard specification for light gear oil lubricant. For comparison purpose, this requirement was selected because gear oil requires less stringent specification when compared to the engine oil standards. The analyses indicated that jatropha biolubricant produced has achieved the standard specification for light gear oil, except for the pour point. In order the biolubricant is to be able to commercialise for its application especially in cold climate countries, the pour point must be low enough to withstand the winter condition. Alternatively, the low temperature property, in particular, the pour point could possibly be improved by blending the jatropha biolubricant with other plant based lubricant or petro-based additives. The jatropha biolubricant produced has a high viscosity index of 180. This indicates a highly desirable property in view of their use as lubricants because liquid with high viscosity indices signifiy relatively little change in viscosity over a wide temperature range. Consequently, it provides good lubricity to the gear system at low temperature conditions with minimal power losses. Also, it would provide good protection against wear due to the formation of a load bearing lubricant film at increased temperature (Rudnick, 2006) .
Conclusions
Jatropha curcas has great potential as feedstock for producing biodegradable lubricants. Chemically modified jatropha crude oil has better properties than natural jatropha crude oil in terms of viscosities and low temperature properties. It is comparable to other well known plant based lubricants such as soybean, sunflower and palm oil. The synthesis was carried out at 150°C. The reaction went completion at about 60 minutes. Jatropha biolubricant (TE) produced in this experiment has the viscosity index of 180 and the pour point is -6°C. Further research investigation is yet to be conducted for other testing as well as to improve the low temperature properties of the lubricant in order to accommodate, particularly for cold climate countries.
